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SOME FACTORS AFFECTING THE REACTION OF
ALLERGIC CONTACT DERMATITIS*
WILLIAM L. EPSTEIN, M.D. AND ALBERT M. KLIGMAN, M.D., PH.D.
The dynamics of the reaction of allergic contact
dermatitis are poorly understood. In this paper
we have utilized in vitro and in vivo methods for
exploring the factors which influence and regu-
late the allergic response.
SHORT TERM ORGAN CULTURE
As a starting point it seemed desirable to
re-evaluate in vitro cytotoxicity. Despite the
controversy that clouds its significance, cyto-
toxicity has been repeatedly demonstrated in
tuberculin hypersensitivity (1—3). Contact der-
matitis is conventionally regarded as a species of
tuberculin-type delayed hypersensitivity. The
kinship is so close that the Volimer patch test
completely reproduces the allergic contact
dermatitis reaction. Epidermal cells, however.
have never been found reactive either to tubercu-
lin or to contact allergens in vitro (4—8). In the
case of contact sensitivity one explanation for
this negative result is that contact allergens
are incomplete antigens (haptens) which must
first conjugate with skin proteins to achieve
full antigenicity. The simple chemical itself
used by previous workers (5, 8) would thus
not be expected to injure cultured tissue. We
attempted to overcome this objection by re-
moving slices of skin for culture after ample
time had elapsed for in vivo conjugation.
Highly sensitive subjects were used. The aller-
gens included pentadecyl catechol (PDC), 2,4.
dinitrochlorobenzene (DNCB), paranitrosodi-
methyl aniline (NDMA), and old tuberculin. In
addition, cantharidin and croton oil, two primary
irritants, were used to test the reactivity of the
tissue in culture. Concentrations of allergens were
adjusted to provoke sharp reactions without
being irritating (1:1000 to 1:1,000,000). Generally
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0.25 ml. of an acetone solution was dropped on
the skin within a cup 2.9 cm. in diameter. After
evaporation the site was covered with a plastic
Band-Aidt. Old tuberculin was applied as a
Voilmer patch test. The slices were taken at in-
tervals between 4 to 8 hours or between 24 to 48
hours after contact. No anesthesia was used. The
skin was tightly clamped with a Doyen intestinal
clamp and a thin strip removed with a razor
blade. The tissues were then divided into approx-
imately 1 mm. lengths and incubated for 24 hours
at 370 centigrade in a sealed, hanging-drop prep-
aration. Such organ cultures are easily kept viable
for a day or two as judged by staining reactions.
We performed this combined in vitro-in vivo
maneuver over a hundred times, utilizing 48 sub-
jects. Several media proved suitable: autologous
and homologous serum, a serum-saline mixture,
and a special tissue culture medium (60% N.C.T.C4
medium 109, 20% cord serum, 20% Tyrode's
solution with added indicator and antibiotics).
Best results were obtained with the latter. The
tissues were formalin-fixed, processed, and stained
either with hematoxylin and eosin or by the
periodic acid Schiff technic.
Several kinds of controls were necessary. In
order to know what changes had already occurred
at the start of incubation a portion of the excised
skin was fixed immediately. To compare the
natural events in vivo with those occurring in
organ culture a second biopsy was removed from
the site of developing dermatitis at the end of the
incubation period. Finally slices of normal, non-
exposed skin were incubated to detect nonspecific
changes.
Results
To evaluate properly the changes in allergen-
exposed incubated skin one must first know what
can happen after incubation of normal skin.
The overall impression is that the tissue survives
without appreciable alteration. Changes are
inconstant and nonspecific. Here and there, there
may be slight dermo-epidermal separation, some
spotty vacuolization of epidermal cells (Figure
ib) and some increase in perivascular adventitial
cells (Figure 2a and b). This latter, nonspecific,
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change occurs more dramatically in incubated,
burned skin (10). Characteristically, as in normal
wound-healing, the epidermis at the edges tends
to glide out over the unepithelialized cut surfaces
as if to encapsulate the tissue (Figure la).
At the start of incubation of skin patch tested
4 to S hours earlier the principal reaction resided
in the eorium and manifested itself by round
cell perivascular "cuffing." This is the earliest
and most typical feature of the allergic contact
reaction. The epidermis was unaffected up to
this time except for occasional loci of intracellular
edema. 24 hour organ cultures of such tissue had
essentially the same appearance; the organ
FIG. 1. a) Normal explant cultured for 24 hours in autologous serum. Epithelial growth has begun
at the left edge of the section. b) Normal skin incubated in a medium containing 50 micrograms of
paranitrosodimethyl aniline. The vacuolization of cells and separation at the epidermal-dermal border
is nonspecific. c) Skin exposed to 0.2% cantharidin for 4 hours and then cultured for 24 hours. Note
marked acantholysis which was not present at time of biopsy.
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Fio. 2. a) Normal skin before culture showing a superficial blood vessel and its sheath of adventitial
cells. b) Same skin cultured for 24 hours. There is a clear cut increase in perivascular cells. This type
of proliferation is nonspecific.
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culture survived but the lesions did not progress.
Moreover, epidermal eurettings removed 2, 4,
and 6 hours after in vivo exposure to DNCB
and NDMA and incubated for 24 or 48 hours
were unaffected. By contrast, the original un-
disturbed skin site took on at 24 hours the
clinical picture of an acute vesicular dermatitis;
the results of study of biopsy specimens was the
expected one; namely, edema in the corium,
marked pcrivascular "cuffing," migration of
lymphocytes into the epidermis (exocytosis) and
intra-epidermal vesicles. These negative organ
Fm. 3. a) Control biopsy specimen from a 24 hour old site of allergic contact dermatitis. A moderate
cellular reaction exists in the corium and there is edema and early vesicle formation in the epidermis.
b) Same skin cultured for 24 hours. The cellulsr reaction in the corium has lessened, but there is in-
creased intracellular edema and vesicle formation in the epidermis. The same changes occurred in cul-
tured explants exposed to croton oil for 24 hours. c) Control biopsy specimen from another 24 hour
site of contact dermatitis. The reaction is quite severe (3-4 plus clinically) with marked edema and de-
struction of the epidermis. d) In culture this same slice of skin lost its edematous character, No
further damage occurred to uninjured cells.
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FIG. 4. a) Originally this skin was stripped 15 times with scotch tape and exposed in vivo to a Volimer
patch for 12 hours. Then it was incubated in a culture medium containing 100 micrograms of old tuber-
culin. This skin is healthy and undamaged. Observe epithelial growth over left border of explant. b) In
contrast this was normal skin cultured in a medium containing 10 micrograms of cantharidin. Acantholy-
sis and death of epithelial cells is striking. While cantharidin is clearly cytotoxic for skin, it seems
that contact allergens are not.
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culture results cannot be ascribed to unreactivity
of the tissue for acantholytie blisters regularly
developed within 24 hours when skin slices were
incubated 4 hours after in vivo treatment with
0.2 per cent cantharidin in acetone (Figure ic).
As regards what happens to skin exposed to
allergens 24 to 48 hours prior to removal and
culture it is necessary to keep in mind that the
cultured skin is already dermatitic. The rapidity
and degree of damage, of course, varies with each
person in proportion to the concentration of
allergen and the depth of sensitivity. When the
reaction was maximal at the time of incubation
(coalescent blisters and intense inflammation),
the change in organ culture was in the direction
of healing (Figure 3c and d); edema was reduced,
vesicles became rimmed with intact epithelial
cells and the perivascular infiltrate tended to
regress. On the other hand, in moderately der-
matitic skin the reaction worsened. New vesicles
appeared although there was no apparent in-
crease in inflammatory cells (Figure 3a and b).
We interpret this progression of the lesion to
signify the mere continuation of an irreversible
change; damaged epidermal cells go on to die.
A further illustration of the nonspecificity of this
finding was the fact that the same progression of
changes occurred after incubation of skin made
dermatitic by pre-treatment one day earlier
with 25 per cent croton oil in acetone or with 5
to 10 seconds freezing (ethyl chloride).
The following experiments did not alter our
conclusion that no specific changes occur in
incubated, allergen-treated skin:
1. Addition of specific allergens to exposed
and non-exposed incubated tissues had no effect.
Pre-stripping the skin with scotch tape® to
aid penetration was not helpful. Similar to the
findings of others (4, 6, 7) as much as 200 micro-
grams of active old tuberculin added to 0.1 ml.
of media did not cause any damage to tuberculin
sensitive skin and did not hinder epithelial
growth at the edges (Figure 4a). The cytotoxicity
of tuberculin is practically limited to mesenchy-
mal tissues.
2. The addition of crude mashes of whole skin
or separated epidermis pre-exposed in vivo for
10 minutes up to 6 hours was without effect on
the incubated sensitized tissues. These tissue brei
presumably contained conjugated as well as free
allergen (11).
3. The addition of cell-containing fluid from
blisters produced by specific allergens or can-
tharidin had no specific effect.
We ignored and regarded as nonspecific some
inconsistent damage, produced by the drastic
nature of those operations. It may be pointed
out again that the addition of as little as 10
micrograms of cantharidin to normal skin cultures
produced characteristic acantholytic blisters
(Figure 4b). Stoughton and Bagatell (12) have
shown this to be an enzymically controlled re-
action. Moreover, such blisters can be produced
in vitro by burning and by keratinolytic chemi-
cals (13).
In summary, our various attempts to demon-
strate the allergic contact reaction by combined
in vitro-in vivo technics failed completely, despite
allowance for in vivo conjugation. By biochemical
analysis Eisen and Tabachnick (14) found that
substituted dinitrobenzene derivatives formed
conjugates with epidcrmal proteins within a
matter of hours. Furthermore, the products of
the reaction (blister fluid and skin mashes)
did not seem capable of specifically damaging
organ cultures. These findings support the more
recently favored view that the epidermis does
not primarily bear the brunt of the allergic re-
action (15—20). Histologically, the first cellular
response is perivascular "cuffing" with mono-
nuclear cells. The epidermis is not visibly injured
until lymphocytes migrate into it. By appropriate
dilution of allergen the dermatitic reaction can
always be confined to the corium, being visible
merely as erythema.
AUTOTEAN5PLANT5
We turned next to an examination of the neces-
sity for an intact blood supply. The essence of
the procedure was to slice off skin as for organ
culture and to replace it immediately into the
same or other prepared sites. The grafts were
kept in place without sutures by pressure band-
ages. One should realize that until vascular
continuity is re-established, which ordinarily
requires several days, such transplants are really
organ cultures incubated in their natural bio-
logical medium. Their survival depends on
adequate transfer of soluble nutriment from the
host bed. Naturally the surgical trauma itself
produces changes which must be taken into
account. The graft usually became edematous
and highly vascularized without marked leuko-
cytic infiltration. The host bed was, by contrast,
intensely inflammatory.
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The studies were divided into four parts. 22 Autotranspiantation of Normal Skin (11 accept-
highly sensitive subjects were used. The allergens
and methods of application were similar to those
of the organ culture studies.
1. Application of Allergen Immediately after
able biopsy specimens).
Within the first 4 days after transplantation
it was impossible to produce allergic contact
dermatitis in the transplant as judged clinically
FIG. 5. a) Normal skin was transplanted into a site of incipient dermatitis 6 hours after allergenic
exposure. The biopsy was taken 2 days later. On the right a dermatitic reaction is seen in the host.
The transplant, left, appears normal except for some edema at the edges. New, uninvolved capillaries
are growing into the transplant. b) The contact allergen was applied 1 day after transplantation of
normal skin into a normal site. 2 days later this biopsy showed the host, left, to be involved in a sharp
dermatitis, and the transplant, right, to be healthy but completely negative. c) Normal transplant
exposed to a contact allergen 7 days after surgery. No host tissue is visible. Now there is an infiltration
of mononuclear cells in the corium and invasion of the epidermis to produce an early vesicle. Most
remarkable is the absence of edema or spongiosis. Capillary permeability is inhibited in this transplant.
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and histologically (Figure 5a and b). Within this
time period autotranspiants are as unreactive
as in vitro organ cultures. The surrounding host
tissue, however, reacted with an acute der-
matitis. Cantharidin applied within the first 4
days induced acantholytic blisters. On the other
hand, 25 per cent croton oil, another irritant,
caused no reaction (6 biopsy specimens). This
will be discussed below.
2. Normal Skin Transplanted into Sites of
Developing Dermatitis (7 biopsy specimens).
Slices of skin were removed from areas exposed
to allergen 4 to 6 hours previously. No dermatitis
was evident at this time. A slice of normal skin
was immediately placed in the graft bed. Though
healing was compromised in this allergen-reacting
graft site no dermatitis developed grossly or
histologically in the transplant. This would seem
to mean either that soluble toxic products are
not elaborated or they do not diffuse in sufficient
concentration into the transplant. An alternative
explanation which fits the known facts is that
the reaction depends upon active migration of
lymphocytes into the area. Avascularity prevents
this. It was not possible to estimate what was
going on in the graft bed itself because of surgi-
cally induced inflammatory changes.
3. Transplants of Incipiently Dermatitic Skin
into Normal Areas (10 biopsy specimens).
The reverse experiment involved transplanta-
tion of skin into a normal graft bed 4 to 8 hours
after allergen stimulation, again before there was
any visible reaction. Histologically the char-
acteristic perivascular "cuffing" was present.
A clinical contact dermatitis did not develop in
the graft. The incipient histologic reaction not
only failed to progress, it actually regressed.
This negative result corresponds to the non-
reactivity of organ cultures at comparable
times.
4. Application of Allergens after Healing of the
Autograft (7 biopsy specimens).
It was not until 5 to 7 days after transplanta-
tion that the autotransplant regained its ability
to react allergically. The gross change was
limited to erythema and was markedly reduced
compared to that of the surrounding skin. Histo-
logically there was the typical perivascular
"cuffing" about competent capillaries in the
transplant. The epidermal changes were very
curious. Loci of injured and degenerating epi-
thelial cells were closely associated with invading
mononuclear ce]ls (Figure Sc), but full-blown
vesicles did not occur. Our interpretation was
that there had been a dissociation of the capil-
laries' ability to lose fluid and cells. Capillary
permeability was reduced, but diapedesis of
inflammatory cells took place in the usual
manner. Holti's experiments (21), perhaps,
throw some light on this situation. He found that
healed ultraviolet irradiated skin sites did not
give the typical histamine wheal for many
months; that is to say, capillary permeability
was diminished although vasodilatation was
striking.
These findings bear on one of the popular
concepts of the mechanism of the allergic re-
action. Charpy and others (17, 18) maintain
that epidermal vesiculation is principally a
consequence of fluid sweeping out of the papillary
capillaries and flooding the epidermis. The ex-
periment.al findings indicate that epidermal
damage occurs through the mediation of lympho-
cytes which have migrated into the epidermis.
Fisher et al. (20) have recently demonstrated
this quite clearly in guinea pigs.
It is interesting to note that the dependence
of the allergic contact reaction on cells derived
from the vasculature is not unique. The pustular
response to croton oil is in the same category.
It was not until a week after transplantation,
when vascular continuity had been re-established,
that the typical pustules formed. These contained
both polymorphonuclear leukocytes and lympho-
ytes. Page and Good (22) have likewise com-
mented upon the need for polymorphonuclear
leukocytes to reach an area before inflammation
can be perceived as such; leukopenic rabbits
and humans do not respond in the typical fashion
to irritants.
EXPERIMENTAL MOnIFIcATION OF THE
CONTACT REACTION IN VIVO
All previous experiments indicated that an
intact vasculature was a requisite for the re-
action of allergic contact dermatitis. Next, the
blood supply was altered in vivo.
1. Artificial Pressure
The design was physically to prevent fluid
from moving into the epidermis during the
development of a contact reaction. Firm local
pressure by means of crossed tongue blades
proved most satisfactory. After exposure the
cross was placed over the test site and bound
down firmly with adhesive tape. Two days later
when the pressure bandage was removed a deep
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FIG. 6. a) Skin exposed to a contact allergen and then firmly compressed for 2 days. In the center
is a deep, smooth depression surrounded by a vesicular reaction. Tiny vesicles popped up in the de-.
pressed site within 30 minutes of removing the compression. b) Biopsy specimen from the center of the
depressed area immediately after removal of the bandage. While leakage of fluid from blood vessels has
been prevented, the allergic reaction has continued. Mononuclear cells have invaded the area and the
epidermal cells have been lysed with the formation of a flat, empty vesicle. c) Concomitant biopsy
specimen from a control site of dermatitis. The added effects of fluid sweeping through the tissues are
clearly shown.
depression invariably marked the site of the cross
(Figure 6a). The only manifestation of the
allergic reaction in the depressed area was
erythema. The surrounding area, however, was
intensely vesicular. To our astonishment vesieles
popped up in the depressed region within 30
minutes as if empty sacs had suddenly filled
with fluid. Rokstad (23), previously had observed
this. It was almost as if a dam had been opened,
allowing water to flow suddenly into a dry river
bed. The histologic changes before clinical vesicu-
lation, immediately after removal of the band-
ages, were typical of allergic contact dermatitis:
perivaseular infiltrate, exoeytosis of lymphocytes
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and microscopic vesicles, The latter, however,
were peculiarly flattened and slit-like (Figure
6b and c). The intraepidermal vesicle is primarily
a focus of epidcrmal degeneration. Civatte (24)
and more recently Percival and others (25, 26)
have conceived that it forms through the death
of clusters of epidermal cells. Fluid leaking out
of injured capillaries does not cause these vesieles;
they can exist whether or not fluid fills them.
It is meaningful to speak of empty vesicles;
fluid distention is a secondary process.
2. Local Application of Vasoconstricting Drugs
Next we attempted to reduce the blood supply
pharmacologically by means of vasoconstrietors.
10 per cent noradrenalin in saline was pricked
into the skin with a needle 15 minutes before and
every 3 to 4 hours after application of a contact
allergen in seven sensitive subjects over a period
of 24 hours. The sites stayed blanched most of
the time. The patch test reactions were reduced;
however, we obtained the same degree of in-
hibition when saline was used instead of nor-
adrenalin. In four more subjects 1: 100,000
noradrenalin was injected intradermally into the
site of an allergic exposure every 4 hours during
the day for 2 days. The site was constantly
blanched. No inhibition occurred. Vasoconstrie-
tion produced in this manner does not prevent
the allergic response. Pharmacologic vasocon-
striction is not equivalent to complete occlusion,
as is evident by the healthy condition of the skin.
Perhaps the most interesting, though inci-
dental, finding was that frequent pricking of the
skin at the site of a developing dermatitis mate-
rially reduced vesicle formation. Inhibition
occurred equally well following plain pricking
or pricking with adrenalin or saline. We do not
know how to explain this phenomenon.5
3. Clamped Skin
Compression of a skin fold with a Kelly clamp
completely occludes the blood supply. We tried
to use this method just short of irreversible
damage. When there was no necrosis the allergic
reaction was not inhibited. Although complete
occlusion for short periods possibly delays, it
does not suppress the allergic response.
DISCUSSION
If, as seems to be the case, the allergic contact
reaction depends upon an intact vasculature,
the development of an in vitro technic is at pres-
* Perhaps this is scientific evidence for the
benefits of scratching!
ent remote. Why are vessels vital to this reac-
tion? The known facts are few. Certainly the
first visible response is in relation to capillaries
(15—20), namely, perivascular "cuffing" with
mononuclear cells. Although this increase might
partly be due to proliferation of resident adven-
titial cells, most appear to come out of the blood
stream. The key issue, of course, is which cell or
structure is first affected, the endothelium as
Gell (27) suggests, or mesenchymal perivascular
cells. Cytology provides no answer. An invisible
biochemical change in one type of cell may
initiate secondary reactions in another. Whatever
the ease, Gell (27) is entirely right in emphasiz-
ing that the first visible cytologic reaction is
proliferative rather than destructive. The con-
vention of explaining delayed-type hypersensi-
tivity on the basis of eytotoxicity of the allergen
against certain presumably sensitized cells is
supported only by studies of unorganized cell
masses in tissue culture (2, 3). Indeed, the authen-
ticity of the cytotoxicity phenomenon continues
to be debated (4, 28). The intact organ culture
or autotransplant is not susceptible either to
contact allergens or to tuberculin. It becomes
increasingly difficult to sustain the concept of
cytotoxicity unless one postulates that the cells
primarily damaged are extrinsic to the skin;
such as blood-borne lymphocytes. However,
isolated lymphocytes from regional nodes are
not affected metabolically by in vitro contact
with allergen (29). Antigenically stimulated
lymph node cells of dinitrophenyl-sensitive
guinea pigs behave the same as cells from non-
sensitive animals even though the stimulated
cells may contain "transfer factor" (29). In short,
there is no convincing evidence of a primary
cytotoxic effect.
Nevertheless, epidermal cell damage and
necrosis remains to be explained. Gell does not
adequately consider this degenerative feature of
delayed-type sensitivity reactions. The earlier
view (30, 31) that the epidermis is the "shock"
tissue and the site of the first visible changes
has been renounced. The epidermal reaction is
subsequent to inflammation in the corium. The
one clear cut fact is that migration of lympho-
cytes into the epidermis seems to be an absolute
prerequisite. Somehow the lymphocyte has a
central role in producing injury. It is not known
whether lymphocytes must first die to initiate
epidermal damage.
A point worthy of emphasis is that the epi-
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dermis is not fundamental either to the mech-
anism of the reaction or to its clinical expression.
As regards the latter, mere dilution of the allergen
always serves to confine the reaction to the
corium. Erythema is Grade I contact dermatitis
and need not be accompanied by observable epi-
dermal change. In respect to the former, we
found that prior removal of the epidermis by
curettage did not prevent allergic exacerbations;
curetted sites in highly sensitive persons became
markedly aggravated and particularly edematous
when exposed to the specific allergen. The gross
clinical picture obviously was not that of contact
dermatitis owing to prior curettage. Histologi-
cally, the tissue turbulence was too great to
recognize the allergic pattern (nonsensitive subjects, however, did not react in this way). To
design an experiment to show the dispensability
of the epidermis is a technical hardship, for any
kind of inflammation, even mild, antagonizes the
reaction. Haxthausen (32) and we (33) have
found that mildly irritated skin tends to be less
reactive to contact allergens.
The above remarks do not mean that the epi-
dermis has nothing whatever to do with the reac-
tion of contact dermatitis. For example, its
geographic position and its function as a barrier
against penetration may serve to trap allergen
and filter it slowly into the tissue. Here the effect
would be largely physical. The localization of
dinitrophenyl conjugates in the epidermis rather
than the corium after topical application of
DNCB (14) does not necessarily mean biochemi-
cal changes in the epidermis precede or are
essential to the basic mechanism. Our personal
view is that epidermal conjugation, demonstrated
so far for only one class of chemical allergens, is
an incidental finding which merely reveals the
high chemical reactivity of these rather toxic
agents.
Ignorance about the way the lymphocyte
mediates epidermal damage is so profound that
it is futile, perhaps even harmful, to speculate.
One thing is clear; the lymphocyte must be avail-
able and it must be able to be delivered via the
blood stream to the allergen-exposed site. When
Inderbitzin (34) and others (35) rendered sensi-
tized experimental animals lymphocytopenic,
delayed hypersensitivity reactions were markedly
suppressed. Contact sensitization is reduced in
persons with diseases of the lymphoreticular
system (36).
The only other nonspeculative feature of
lymphocytes is their ability to transfer passively
delayed hypersensitivity (37—39). The usual
interpretation is that lymphocytes transport cell-
bound "antibodies." Because of the elusive na-
ture of these "antibodies" some prefer the more
operational term "transfer factor" (39). One
could, by such reasoning, assign the lymphocyte
the specific role of carrying "antibody" or "trans-
fer factor" from the lymphoreticular system via
the blood stream to the local site of reaction in
the skin. This concept is entirely hypothetical
and, indeed, not very revealing. Perhaps the
indispensability of an intact vasculature resides
in its providing a steady stream of lymphocytes
to sustain the inflammatory reaction. The cyto-
logic events seem to fit this notion.
SUMMARY
1. Organ cultures and autotransplants were
used to demonstrate the dynamics of the reaction
of allergic contact dermatitis.
2. It was found that:
a) The reaction does not take place in vitro.
b) An intact vasculature is required.
c) Epidermal involvement is secondary to
changes in the corium
d) Lymphocytes, not fluid, from capillaries
mediate epidcrmal damage.
REFERENCES
1. RICH, A. R. AND Lawis, M. R.: Mechanism
of allergy in tuberculosis. Proc. Soc. Exper.
Biol. & Med., 25: 596, 1927—28.
2. FAVOUR, C. B.: Cell injury in allergic inflam-
mation. mt. Arch. All., 10: 194, 1957.
3. WAKsMAN, B. H.: Cell lysis and related
phenomena in hypersensitive reactions,
including immunohematologic diseases.
Prog. All., 5:349, 1958, S. Kargcr, Basel New
York.
4. CRUIcKsHANJC, C. W. D.: Sensitivity to tu-
berculin. Nature, 168: 206, 1951.
5. EVERETT, E. T., LJvIN000u, C. S., POMERAT,
C. M. AND Hu, F.: Tissue culture studies on
human skin: II. Comparative effects of
certain specific contact allergens on sensi-
tized and non-sensitized human skin. J.
Invest. Dermat., 18: 193, 1952.
6. JACOBY, F. AND MARKs, J.: The tuberculin
sensitivity of epithelial cells in vitro. J.
Hyg., 51: 541, 1953.
7. MAY, K. J. AND WEI5EE, R. S.: The tuberculin
reaction. Studies on the effect of tuberculin
on tissue cultures of the corneas of
tuberculin-sensitive guinea pigs. J. Im-
munol., 77: 34, 1956.
8. BizzozERo, E. AND DEPAOLI, M.: Uber die
histopathogenese der allcrgischcn hautreak-
tionan aufleren ursprungs. Haut., 7: 487,
1956.
9. EVANS, V. L., BRYANT, J. P., FIORAMONT,
242 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
M. C., McQWLrnN, W. T., SANFORD, K. K.
AND EARLE, W. R.: Studies of nutrient media
for tissue cells in vitro. I. Cancer Research,
16: 77, 1956.
10. CooKE, J. V., GOLDRING, D. AND K0HN, L. I.:
The occurrence of changes resembling the
inflammatory reaction in skin injured and
incubated after excision. J. Exp. Med.,
97: 651, 1953.
11. EISRN, H. N.: Hypersensitivity to simple
chemicals, Cellular and Humoral Aspects of
the Hypersensitive States, p. 89. Edited by
H. S. Lawrence. New York, Hoeber-Harper,
1959.
12. ST000HTON, R. B. AND BAGATELL, F.: The
nature of cantharidin acantholysis, Pre-
sented at 20th annual meeting of the Society
for Invest. Derm., June 6, 1959.
13. STOUGHTON, R. B. AND NOVA, R. N.: Disrup-
tion of tonofibrils and intercellular bridges
by disulfide-splitting agents. J. Invest.
Dermat., 26: 127, 1956.
14. EISRN, H. N. AND TABAcHNIcK, M.: Elicitation
of allergic contact dermatitis in the guinea
pig. J. Exper. Mcd., 108: 773, 1958.
15. MIRSCHRR, 0.: Zur histologie der ekzematosen
kontaktreaktion. Dermatologica, 104: 215,
1952.
16. Ibid.: Le mecanisme physio-pathologique
del'eczema, p. 29. Paris, Masson and Cie,
1954. Edited by J. Charpy.
17. CHARPV, J., STAHL, A. AND CASTRLAIN, P. Y.:
Etude histologique et chronologique de la
constitution de la lesion de la eczema. Sem.
Hop. Paris, 29: 2624, 1953.18. Ibid.: Le mecanisme physio-pathologique de
l'eczema, p. 39. Paris, Masson and Cie,
1954. Edited by J. Charpy.
19. BARR, H. L., ROSENTHAL, S. A. AND SIMs,
C. F.: The allergic eczema-like reaction
and the primary irritant reaction. Arch.
Dermat. & Syph., 76: 549, 1957.
20. FISHER, J. P. AND COOKE, H. A.: Experimental
toxic and allergic contact dermatitis. II.
A histopathologic study. J. Allergy, 29:
411, 1958.
21. HOLTI, C.: Measurements of the vascular
responses in skin at various time intervals
after damage with histamine and ultra-
violet radiation. Clin. Sci., 14: 143, 1955.
22. PAGE, A. H. AND Goon, H. A.: A clinical and
experimental study of the function of
neutrophils in the inflammatory response.
Am. J. Path., 34: 645, 1958.
23. ROK5TAD, I.: Skin reactions caused by frac-
tions of oil of turpentine and hexanitrodi-
phenylamine. Acta Derm.-venere, Suppl.,
15, 1946.
24. CIVATTE, M. A.: Eczema et eczematides, Bull.
Soc. Franc. Dermat. et Syph., (Reunion
Dermat. de Strasbourg), 32: 134, 1925.
25. PERCIVAL, C. H., DRENNAN, A. M. ANDDonns,T. C.: Atlas of Histopathology of the Skin.
Baltimore, The Williams & Wilkins Co.,
1947.
26. POLAK, M. AND MOM, A. M.: Histopathology
of experimental eczema in man. J. Invest.
Dermat., 13: 125, 1949.
27. CELL, P. 0. H.: Cytologic events in hyper-
sensitivity reactions, Cellular and Humoral
Aspects of the Hypersensitive States, p. 43.Edited by H. S. Lawrence. New York,
Hoeber-Harper, 1959.
28. STETsON, C. A.: In discussion of Waksman,
B. H.: The toxic effects of the antigen-
antibody reaction on the cells of hyper-
sensitive reactors. Ibid., p. 123.
29. EI5EN, H. N., HRLMHRICH, E. AND KERN, M.:
Metabolic activities of isolated lymph
node cells, Mechanisms of Hypersensitivity,
p. 477. Edited by J. H. Shaffer, C. A. La-
Grippo, and M. W. Chase. Boston, Little,
Brown & Co., 1959.
30. JADA550RN, J.: Zur kenntnis der arzgeiexan-
theme, Arch. f. Dcrmat. u Syph., 34: 103,
1896, (Bericht uber die verhandlg. des
deutsch dermat. Ges V Congress).
31. BLOcH, B.: Experimentelle studien uber das
wesen der iodoformidiosynkasie. Zschr. f.
Exper. Path. u Therap., 9: 509, 1911.
32. HAXTHAU5HN, H.: Uber die anwendung der
elektropharesebeim studium der allergischen
ekzematosen reaktionen. Schweiz Med.
Wchschr., 77: 1150, 1947.
33. Unpublished observations.
34. INDEHBITzIN, T.: The relationship of lympho-
cytes, delayed cutaneous allergic reactions
and histamine. Tnt. Arch. All., 8: 150, 1956.
35. WILHELM, H. E., FISHER, J. P. AND COOKE,
H. A.: Experimental depletion of mono-
nuclear cells for the purpose of investi-
gating reactions of the allergic contact type.
J. Allergy, 29: 493, 1958.
36. EPSTEIN, W. L.: Induction of allergic contact
dermatitis in patients with the lymphoma-
leukemia complex. J. Invest. Dermat., 30:
39, 1958.
37. HAXTHAU5EN, H.: Studies on the role of
lymphocytes as "transmitter" of the hyper-
sensitiveness in allergic eczema. Acta
Dermat.-venereol., 27: 275, 1947.
38. EPSTEIN, W. L. AND KLIGHAN, A. M.: Transfer
of allergic contact-type delayed sensitivityin man. J. Invest. Dermat., 28: 291, 1957.
39. LAWRENcE, H. S.: The transfer of hyper-
sensitivity of the delayed type in man,
Cellular and Humoral Aspects of the Hyper-
sensitive States, p. 279. Edited by H. S.
Lawrence. New York, Rocber-Harper, 1959.
DISCUSSION
DR. STEPHEN ROTHMAN (Chicago, ill.): I fully separating the two reactions. In all pictures hc
agree with the conclusion that it is unnecessary has shown there was epidermal damage plus
to assume that there always must be a specific vascular reaction.
type of shock tissue. Dr. Epstein has beautifully DR. Louis H. WINRR (Beverly Hills, Calif.):
shown that this is not the case. However, I don't This was an interesting demonstration by Dr.
quite see why Dr. Epstein says he succeeded in Epstein and I wish to compliment him on his
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fine presentation and his fine slides. It was
interesting to observe the two different types of
blisters which he showed in the sections. In the
first, the blister was caused by washing out of the
cells, much as one sees in vesiculating dermatitis
and in the second there was an acantholytie type
of blister such as is caused by catharidis in which
the prickles are dissolved and the cells are free,
but do not undergo cytoplasmic degeneration of
liquefaction.
Da. HERMANN PINKUS (Monroe, Michigan):
I would like to ask Dr. Epstein how he explains the
classical experiments of Jadassohn that iodoform
produces reactions in sensitive individuals only
when it comes in contact with epidermis, but not
when it is applied to mesodermal surfaces de-
nuded of epithelium?
Another observation that came to mind was
the recent experiments of S. Epstein, who is
dealing mostly with sensitivities to metal. There
the connective tissue seems to react much more
than the epidermis, whether the offending sub-
stance is applied to the skin surface or injected.
This phenomenon of dermal contact sensitivity
certainly does not negate what was said, but
might imply that in ordinary contact dermatitis
the epidermis takes a more active part than in
those cases where there is a purely dermal
reaction.
DR. S. WILLIAM BECKER (Long Beach, Cali-
fornia): I believe this is a very interesting
subject.
Dr. O'Brien and I are giving a paper in a few
days which discusses the same problem essen-
tially, but from a little different viewpoint. I
believe that it is the patient that differs in these
instances. For instance, some people, including
myself, are so-called epidermal reactors. I get
poison ivy dermatitis if I come in contact with
the plant. Other people are dermal reactors.
The term epidermitis, which was coined by the
roentgenologists, is also interesting, because with-
out blood vessels you cannot have inflammation.
What they call epidermitis is really dermatitis.
I think Dr. Epstein has originated some new
approaches to this problem which should improve
our knowledge.
DR. WALTER C. L0BITz (Hanover, N. H.): We
have been very interested in trying to understand
what takes place in the epidermis that makes it
possible to set the stage for and accept a chal-
lenge of eezematous dermatitis regardless of
whether the antibody enters from the outside or
internally.
I was interested in the refractory period you
spoke of in these epidermal cells. Do you think
that this could be a metabolically refractory
period or is it a simple penetration problem?
I think both clinically and experimentally we
are recognizing that the location of the prickle
cell may be specific in producing spongiosis of
allergic eczema. By this I mean in some individ-
uals the prickle cells of the epidermal sweat duct
unit are primarily involved. In other individuals,
it is the prickle cells of the external root sheath
that are primarily involved and in still others the
prickle cells of the epidermis become primarily
involved at the same time sparing the epidermal
appendages. Were you able to recognize any more
specificity of exact locations of your spongiosis
in the light of these observations?
DR. WILLIAM L. EPSTEIN (in closing): Thank
you very much for your discussion.
Dr. Rothman, by dissociation we refer to the
finding that new vessels growing into a transplant
are capable of allowing diapedesis of leukocytes
but not fluid.
This observation plus the pressure experi-
ments indicate that seepage of fluid into the
epidermis is a secondary phenomenon and not
primarily responsible for vesicle formation.
Dr. Pinkus, historically it was noted that the
mucous membranes or denuded skin fail to react
to contact allergens. Subsequent studies have
shown this is not always the case; these areas
may be reactive. Speed of absorption and re-
moval of allergens may explain the relative un-
reactivity of these areas. A threshold of local
concentration must be overcome before a visible
reaction ensues. In addition, denuded skin is
inflamed and consequently may be hyporeactive;
and finally the picture of contact dermatitis in
denuded skin may be unrecognizable as such.
We do not subscribe to the concept of separate
epidermal and dermal sensitivities. The view is
unnecessarily complicated. The reaction occurs
wherever allergen and delayed "antibody" can
combine in suitable concentrations, presumably
on the surface of cells.
In answer to Dr. Lobitz, I would like to point
out that various allergens are absorbed in differ-
ent ways. Wherever the allergen goes, that is
where the reaction will likely occur. I don't think
it is so much an individual response as a function
of the chemical.
